Little information is available concerning the normal systolic pattern of movement of the interventricular septum in man. Accordingly In 56 patients with RVVO, 34 had abnormal septal motion at the level of the chordae tendineae (24 with SASM, 7 with variable motion and 3 with no movement).
SUMMARY
Little information is available concerning the normal systolic pattern of movement of the interventricular septum in man. Accordingly, we studied 242 patients without clinical or catheterization evidence of right ventricular volume overload (RVVO) employing the ultrasound continuous recording technique. In the plane of the mitral valve, systolic anterior septal motion (SASM) was present in 111 patients; in 38 patients the septum did not move during systole while in 74 patients, septal motion was variably anterior and posterior during the same recording. Normal posterior septal motion occurred in only 19 patients. However, at or below the level of the chordae tendineae, 226 of the 242 patients (93%) had normal posterior septal motion. The other 16 patients had severely impaired left ventricular function.
In 56 patients with RVVO, 34 had abnormal septal motion at the level of the chordae tendineae (24 with SASM, 7 with variable motion and 3 with no movement).
To evaluate septal motion further, 100 normal subjects were studied using a phased multicrystal ultrasound system designed by Bom which provided a sagittal plane image of the cardiac structures. In all 100 subjects the superior septum moved anteriorly in systole with the aortic root, and the upper one-third of the septum acted as a "hinge' for the lower two-thirds which moved posteriorly. In 8 of 21 patients with RVVO studied by the multicrystal method, the entire septum moved anteriorly during systole; variable patterns occurred in 7 patients, while normal septal motion was present in 6 patients.
We conclude that 1) normal septal motion consists of anterior movement of the superior segment of the septum during systole; 2) below a pivot point, the inferior two-thirds of the septum moves posteriorly during systole; 3) the normal pivot point of the septum frequently results in SASM when recordings are made in the plane of the mitral valve in patients with and without RVVO; and 4) paradoxical septal motion is not ticrystal instrument,20 we have sought for the first time to define in man the entire range of interventricular septal motion. An additional aim of this study was to examine the specificity of the finding of "paradoxical" septal motion in patients with right ventricular volume overload.
Methods
A total of 398 patients were studied either by a commercially available ultrasound continuous recording device (Picker Echoview II interfaced with a Honeywell strip chart recorder) or by using a phased multicrystal echocardiographic system. Group I consisted of 201 patients with various forms of congenital or acquired heart disease but no right ventricular volume overload; group II consisted of 141 normal subjects without heart disease; and group III included 56 patients with right ventricular volume overload (table 1) . There were 216 females and 182 males whose ages ranged from 2 months to 81 years.
Single crystal studies utilized a 2.25 MHz transducer for adults and older children whereas a 3.5 MHz transducer was employed for the younger children. Echocardiograms were obtained with the transducer positioned along the left sternal border directed posteriorly and recordings made in the M-mode or "slow sweep" display. Airless contact between transducer and skin was achieved with a water soluble gel. The recording paper was calibrated for 1 cm anteriorposterior distance and 0.5 sec horizontal duration and the speed adjusted to provide the best quality in relation to each patient's heart rate.
Multiple crystal echocardiographic studies were performed with an instrument designed by Bom The single crystal echo continuous recording technique was used to study 277 patients, while 121 patients were studied by the multiple crystal system (table 1) . High quality recordings of the interventricular septum were obtained in all 277 cases studied by the single crystal method so that systolic septal motion could be carefully assessed at two cross-sectional levels: level (1) which included the mitral valve, and level (2) 
Multicrystal Echo Evaluation
In all of 100 normal subjects studied with the multiple crystal echocardiographic system, the superior portion of the septum moved anteriorly during systole along with the aortic root. A consistent finding was that the septum "hinged" or pivoted at the junction of its upper one-third and lower twothirds ( fig. 4) . During systole the lower two-thirds of the interventricular septum moved posteriorly, i.e., toward the anteriorly moving posterior left ventricular wall. This pivot point, which in all 100 cases was located within the upper one-third of the septum, was in the plane of the mitral valve. By contrast, systolic posterior septal motion was observed in all areas below the plane of the mitral valve.
Among volume overload studied by the multicrystal echo system normal septal motion was observed in 6; the entire septum moved anteriorly, i.e., paradoxically during systole in 8, and variable patterns were noted in 7 cases (table 2) . Among these 21 patients 10 had ostium secundum atrial septal defects, 6 of whom had a small left to right shunt (pulmonary to systemic flow ratio < 2:1), while the other 4 had a large shunt (pulmonary to systemic flow ratio > 2:1). None of the be diagnosed with ultrasound by measurement of the mean right ventricular dimension index.'2 In the same paper they also reported that if the mitral valve were included in the recording, the "septal echo motion would be seen to change at times." Therefore, to avoid the problem of evaluating changing septal motion, they recommended that the sound beam be directed inferiorly and laterally away from the mitral valve. Diamond and co-workers described two abnormal forms (Types A and B) of interventricular septal motion which they suggested are specific for right ventricular volume overload (RVV0)." It has been proposed that a normal echocardiogram is sufficiently accurate to exclude any possibility of an atrial septal defect. 14 Although Tajik and associates observed paradoxical septal motion in a group of children with right ventricular volume overload, they described a total of seven patients with right ventricular volume overload who had normal septal motion during systole."1-7 In five of these seven patients the left to right shunt was small with pulmonary to systemic flow ratio of less than 2:1. Kerber and co-workers reported that five of twenty patients with an atrial septal defect had normal septal motion. '8 In the same series, fifteen of sixteen patients who had surgical correction of the atrial septal defect continued to demonstrate paradoxical septal motion, but these investigators did not describe other factors in addition to right ventricular volume overload which were important in the pathogenesis of the abnormal motion. In this study we sought to define for the first time the types of interventricular septal motion found in normal subjects as well as to reassess the reliability of 
